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I. INTRODUCTION 
Recently three studies (l ), (2), (3) have been published 
which claim to confirm the existence of the Averch-Johnson (4) 
effect in the electric power industry. Each of these papers uses 
a distinctly different methodology. This paper examines the 
general problem of what the nature of the A-J effect might be 
and what sort of data would be required in order to confirm its 
presence. The other studies are then critically examined on the 
basis of this discussion. A modification of the method used in 
one previous study is then used to test the A-J hypothesis, and no 
evidence of capital bias is found. The principal conclusion of this 
study is that if the A-J effect is significant in distorting input 
choices in the electric utility industry, very different sorts of 
data than those that have been used thus far are going to be 
required in order to verify its presence. Mechanical usage of 
gross input and output numbers, without understanding of the 
technological processes involved, leads on'.y to erroneous 
conclusions. 
z 
II. ELECTRICITY AND THE A-J EFFECT 
The Averch-Johnson model is a simple one, and before  · 
any tests of its empirical validity are possible it is necessary to 
reconcile the realities of the particular industry with the assump­
tions of the model. Courville ( 1 ) goes to some pains to do this, 
Spann (2) totally neglects the problem, and Petersen (3) relies 
on the econometric literature which has attempted to measure 
production and cost functions for the industry. This section will 
show that, apart from Courville who makes some reasonable 
points (but misses the crucial ones), these papers fail to relate 
the models they use to the particular features of the electric power 
industry. This is surprising since both Courville and Petersen 
cite Galatin (5)  whose analysis of the technology of the industry is 
sound. 
The single most important objection to these studies is that 
they neglect to take into account one of the basic assumptions which 
is made when production (or cost) functions are used to represent 
technological possibilities. This is the assumption that engineering 
suboptimizations have taken place so that the function gives the 
maximum output attainable with any given inputs. The use of 
annual energy as the output and either total plant cost or capacity 
as the measure of capital contradicts this assumption. This is 
because there are other active constraints that must be considered. 
Failure to take account of them invalidates any further optimization 
procedures using the production function, such as the derivation 
of the A-J hypothesis. 
Regulatory commissions require that demand always .be 
met. Since the time-varying demand generally cannot be met by 
changes in inventory, this requirement amounts to a constraint 
specifying the time-path of energy production. Thus, two plants 
may supply the same annual energy but, if they are faced with 
different time - paths of d emand, they will generally choose dif­
ferent input combinations, even if they face the same prices. 
Fortunately, it is possible to identify the way in which the 
attributes of capital equipment contribute to energy production 
and satisfaction of the constraint. The use of either total cost 
3 
or capacity as the measure of capital employed completely obscures 
this, 
A useful way of viewing this problem is to consider 
production throug h time as a multiproduct operation. The first 
product is annual energy, the output of which is determined by 
price. The second product is the continuity of instantaneous 
power supply, the output of which is determined by regulatory 
decree. These two products have joint costs, but they are not· 
pure joint products. While both are produced using the same 
capital inputs, the different attributes of the capital that each 
requires are distinguishable. To fashion a production function 
for annual energy output simply from the three factors of production 
without considering the constraints (which are not necessarily the 
same for each utility) that are operating on the other output is 
clearly wrong. Using a single measure of the capital involved, 
without a clear description of how it contributes to the output 
being considered, leads to erroneous results. 
To illuminate this matter a brief description of the 
engineering processes will be given and the points at which choices 
are made that have an economic significance will be pointed out. 
The generation of electricity by the combustion of fossil fuels is 
a well-understood technology. The details of the technology will 
be avoided and the discussion limited to how usefully to describe 
the technological possibilities. 
The equipment used can be characterized by two main 
attributes: 
l, The maximum power output it will produce without risk 
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of catastrophic failure (e.g., the point at which the short­
run cost curve becomes vertical); i. e. ,  the capacity. 
2. The efficiency of its operation i. e,, the ratio of energy 
output to energy input. 
The capacity of the equipment is measured in kilowatts 
(kw) and, unfortunately does not have a completely unambiguous 
definition. The nameplate r ating of the equipment , which is often 
used as the measure of capacity, is usually the a priori design 
specification of the equipment. The actual peak output is also 
often used as a capacity measure, but this is usually only 
sustainable for short periods. The peak output rating is almost 
always larger than the nameplate rating, and it is common practice 
for the capacity rating to be increased after a plant has been in 
service for some time. Conservatism in the original rating 
of design capacity is possibly a response to the penalties in 
contracts that are enforced when specifications are not achieved, 
The capacity of equipment is determined by, among other things; 
its size, the strength of materials used in its construction, and 
the quality of its cooling system. 
The quality or efficiency of the capital equipment is 
expressible as the amount of fuel required to produce a particular 
time integral of power output. The input of fossil fuel can be 
measured in BTU/time (flow of energy) and, apart from minor 
differences such as moisture content, the heat energy made 
available in the boiler is independent of fuel type. The output is 
usually measured in kw' s which are merely different units of 
energy flow more suited to electricity._
/ 
One gross measure of 
5 
I - 3412 BTU/hr = l kw. 
efficiency is the heat rate of the plant, which is the amount of 
fuel energy in BTU that is required to produce one kwh of electri­
cal energy (a power flow of 1 kw for an hour). Steam stations 
range in annual average values of this parameter from 8, 0 0 0  to 
14, 0 00. 
The efficiency of equipment can be increased by several 
possible modifications to the thermal cycle. The maximum pos­
sible efficiency is theoretically limited by the maximum tempera­
ture and pres sure which can be achieved, and the conditions of 
the heat sink. The temperature and pressure are limited. by the 
quality of the metal boiler tubing used, and the heat sink usually 
by the temperature and quantity of cooling water available. The 
·efficiency is not independent of output. Typical input-output curves 
are shown in figure II-1. 1 The method· of constructing both the 
boiler and the turbines contributes to the nonlinearity of this 
relationship. In the United States, a multi-valve turbine is 
typical while Britain typically uses single-valve turbines. The 
difference is important, since the choice of turbine affects the 
cost minimizing operating procedures. The almost linear trans­
formation curves of single valve turbines mean that, when run as 
part of a system, generating sets are fully loaded or not loaded at 
all. This is called merit-order loading, and requires a "strong" 
transmission system, usually a feature of geographically compact 
systems. The cost-minimizing operating conditions for American 
utilities that employ multi-valve turbines are then to partially load 
most sets by equating all marginal operatir.g costs (adjusted for 
transmission losses). Z This is a much more complex procedure 
and, unfortunately, introduces some extra difficulties for 
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formulating production functions. Because of the curvature in the 
transformation curve, average heat rate will depend crucially on 
the time path of output. To illustrate, 
average heat rate ;: 
T
f(t)dt 
f T g(t) dt 
0 . 
where f and g are the instantaneous inputs and outputs, respectively. 
Hence, annual observations on energy input and output do not allow 
us to estimate the underlying transformation curve. The parameters 
of this curve are sufficient for most purposes to characterize a 
particular unit. This function is essentially what Nordin (7) was 
estimating and, as Galatin points out, he appears to be the only 
author of the econometric studies to appreciate fully the instantaneous 
nature of the output. 
While we have just described a way in which the capital 
equipment can be fully characterized, .for economic decisions the 
3 
cost as a function of these characteristics is required. If the 
data on the transformation curve were available (it is known to 
the operating engineers), a cost function could be estimated. 
simplification of this approach is attempted later. 
A 
The preceding discussion suggests a fairly simple way ·of 
characterizing capital equipment by the capacity and efficiency 
of a unit. There are, however, additional decisions involved with 
the purchase of equipment that have a bearing on the A-J effect. 
First we will look at the choice of capacity and efficiency to see 
what form the A-J effect would take in these decisions. The other 
decisions on fuel type, location and whether the plant should have 
been replaced with purchased power are then examined. From 
this d
.
iscussion it is clear that only very limited types of A-J effects 
can hope to be detected with the typical data used. 
8 
The choice of what capacity an electric generating unit 
should have is influenced by a number of factors. The dominant 
one being the regulatory requirement that demand be met at all 
times, Because a single price is charged through time and storage 
of electricity is prohibitively expensive, generated power varies 
significantly with time. The installed capacity clearly has to be 
at least equal to the maximum power demand, In fact, it has to 
be significantly greater than this in order that periodic maintenance 
can be undertaken as well as providing a reserve in case of equip­
ment failure. There are a variety of ways that have evolved for 
economically handling this demand variation (with a fixed price 
and a regulatory stipulation that demand be met with high reli­
ability). Those utilities lucky enough to have hydroelectric power 
available generally make use of the flexibility it allows to handle 
peaks. Some others, where geography is suitable, construct 
pumped storage facilities for peak service. In general, the trend 
has been towards installing low capital cost but high running cost 
gas turbine units specifically for peaks and interconnecting with 
another system whose peaks occur at other times. In small systems 
it is still common to use general purpose "cycling" steam plants 
which operate over a very large range of output. 
A related problem is caused by the uncertainty in demand 
and the random nature of a particular unit's availability. The 
amount and composition of the reserve capacity required is a 
difficult engineering question. Rules such as fifteen percent of 
peak load, the sum of the two largest units in the system, etc., 
have all been used, With the advances in computer capability 
and the accumulation of data, more refined methods are now used. 
From an economic point of view they are still rather arbitrary as 
the objective is now to reduce the probability of having to shed load 
below s ome arbitrary amount. Thi s  p robabili ty level is not 
actually s et by the regulator s ,  but is d i s c u s sed by them. An 
informal a g r eement apparently is reached w hi c h  at lea s t  does 
not appear to cau se much vocal con s ume r di s s at i s fa c tion. The 
capital inp ut s to maintain an adequate or ex ces s ive reliability 
of s upply can at w o r s t  be viewed as gold plat ing. In general, 
they cau s e  no s ub s t it ution for fuel in the p roduct ion of ene r gy 
output; ove r capa c i ty i s  not a manifes tation of the A-J effect. 
9 
T he c hoi ce of efficiency i s  determined by the expected 
c o s t  of fuel; w hen fuel i s  expen s ive, more eff i c ient cap ital equip­
ment is jus tified for a given ene r gy output. If the unit is goin g 
to run at a high load fa ctor (nea r capacity for much of the time), 
a hi g her effi c ien cy i s  jus t ified than in a plant which run s at a low 
load factor. ·As there are inc reas ing retur n s  in effi c iency w i t h  
unit s ize, the choice o f  effic ien cy i s  connected w i t h  the choice of 
unit s ize.-
1 
We mu s t ,  therefor e, con clude that before any 
_/ Peck (8) ha s covered s ome of the s e  p roblem s ,  e s pecially 
tho s e  of inves tment timing. 
p r edi c t ion s of the effe c t  of regulation on unit s ize can be made, 
c omplete en gineering info rmat ion on t he s y s tem mu s t  be examined. 
T w o  main point s eme r ge from thi s rec itation of th e 
technology of ele c t r i city p roduc t ion. F i r s t ,  as lon g as the capac­
ity con s t raint i s  not act ive for a large p roportion of the time, 
capa c i t y  doe s not influen ce the total ene r gy p roduced. Second, 
the effi ciency of the capital is  the input , that can be sub s t ituted 
fo r fuel in the p roduction of ene r gy. 
T he empi r i cal work ha s con s idered data at two level s ,  
t he plant and the fir m. All three authors place much more confiden ce 
in the plant data than the firm data. At the plant level the points 
above con cerning the con t r ibut ion s of capac i ty and effi c ien cy 
a r e  s t ri c tly t r ue. It is only if exces s effi ciency is built into a 
plant (in relation to the ene r g y  output p roduced) that the A-J 
10 
effec t can be detected. T he size of the unit s and the number of 
unit s in a plant mus t be con s idered as externally determined, a s
the deci s ion s rega r ding the s e  a r e  ba s ed on con s iderably more 
information about the res t of the s y s t em, in cludin g  the tran s m i s  -
s ion ne twork. They are of the s ame nature as questions s uch as 
w hether the plant w a s  built in the c o r r e c t  locat ion , w hether the 
c o r r ect fuel was cho s en, or w hether the plant was s t ri c tly 
nece s sary and s hould perhap s have been replaced by a t ran s ­
mi s s ion line for delivery o f  pur cha sed powe r. T here i s  pos s ibility 
in all of thes e dec i s ion s for A-J effect s , but to detect them r equire s 
know ledge of the pa r t i c ula r alte rnative s  available to the fir m. F or 
example a "mine-mouth" coal- bur ning plan t  could be evidence of 
the A-J effe c t  since the c oal-handling equipment and t ran s mi s s ion 
lines expand the rate ba s e  and low e r  fuel cost s .  A mine-mouth 
plant could of cour s e als o be the leas t expensive way of delivering 
energy to a particular loc ality, s o that it i s impos s ible to gener alize 
about s uch choice s . 
At the plant level, the app r op riate cos t-minimizing
marginal condit ion that can be tes ted is  w hether the cos t of impr oving 
efficiency e quals the suitably discounted annual savings in fuel c.o s t  over 
the life of the plant. A s  data on in s tantaneous output and the 
t ran s for mation c urve are not available, the bes t  we can hope to 
mea s u r e  i s  w hether the annual average heat rate c ho s en w a s
cor rect in relation to the p rice o f  fuel a n d  c ap ital for the a c t ual 
output produc ed. The re i s  a p roblem even w i th this  approa c h, 
for after the plant is constructed it ·is obviously in the firm's 
interest to adopt the cost-minimizing operating procedure. This 
1 1  
means that generating sets will be loaded so as t o  equalize the 
ma rginal generating costs (adjusted for transmission los ses). If the 
newer units are of higher efficiency than the system average, the 
effect will be to load these more heavily and unload some older, less 
efficient plants. Thus, unless the overall system efficiency is too 
great we will not detect overcapitalization by observing the new 
plants, but instead should be examining the lightly loaded or retired 
old plants. Even this is hazardous as the planned life of equipment 
is dependent on expectations regarding technological change. 
Pessimism in this respect that is revealed only by ret rospective 
analysis is not particularly strong evidence of the A-J effect. By 
examining new plants we are unlikely to observe overcapitalization 
unless it is of large magnitude and spread over the whole system. 
Detection at the firm level is even more difficult, considering the 
p roblem of determining what is the correct amount of reserve 
capacity and hence which old plants are correctly included. 
coal 
than 
Choice of fuel is a potential source of th e A-J effect as 
requires greater investment in st ructures and equipment 
either gas or oil. B1�� to determine whether coal was chosen 
in order to get the ext ra equipment into the rate base, or because 
there was a shortage of gas not reflected in its p rice, requires 
that the availability and expected future costs of the alternative 
fuels be known. The choice between purchased power (usually 
requiring investment in t ransmission and switching facilities) or 
a new plant is dependent on the availability and cost of purchasable 
power . 
All three empirical studies have used the FPC reports as 
their basic source of data. These plant data are limited to output, 
amount of fuel and its price, and the total cost of the plant . From 
this data the only meaningful test of overcapitalization is to 
lZ 
specifically test whether the efficiency of the plant is too great in 
relation to its output. An attempt to do this is reported in a later 
section. 
III. CRITIQUE OF COURVILLE 
Courville attempts to verify the exis tence of the A-J effect 
in a very direct manner. He es timates a Cobb-Douglas production 
function of annual energy produced, and then tests whether the ratio 
of the factor marginal productivities derived from this is different 
from the price ratio. He concludes that overcapital ization has been 
confirmed. 
His data consists of observations on new steam electric plants 
in the period 1948-1966, which is split into four subgroups s according 
to vintage. The 1956-1959 group had to be dis carded as it gave results 
which were dras tically different from the other three periods . This 
was explained on the basis of the "electric conspiracy. 11 
The major fault with this study is the totally inappropriate 
formulation of the technological possibilities. A Cobb-Douglas 
production function relating total plant cost and the fuel used to annual° 
energy production is not relevant. It is surprising that Courville 
does not realize this, as he specifically gives the two reasons why it 
is inappropriate. On page 6 3  he notes that plants facing higher fuel 
costs will tend to be more efficient for a given capacity and in a 
footnote on the same page he notes that as peak loads must be met 
"overcapitalization can be inferred only if excess capacity is present 
at all points in time" (when using capacity as a capital measure). As 
these are the points which are being made here, it is indeed hard to 
understand why Courville failed to realize that, by using total cost 
as his measure of capital, he was confusing the choice of capacity 
with the choice of efficiency. 
13 
It was shown earlier that, to a reasonable approximation, 
the annual energy output of a plant is simply proportional to the 
energy input. Courville' s results certainly bear this out as his 
estimated values of 13 (the coefficient of log F) are definitely not 
significantly different from unity. This certainly explains why such 
impressive values of R-squared were achieved, though when there 
are such strong a priori reasons to believe in linearity, these 
R-squared values are somewhat misleading. His procedure, therefore , 
actually tries to estimate the coefficient of proportionality in this 
linear process by a simple power of the total cost. 
4 
To illustrate this, 
the following equation was estimated using the 1960-1966 vintage 
plants. 
' 1 
heat rate 
The results were 
ltig A 
Ci = 
6 annual output ( 10 kwh)
fuel input (MBTU) 
-10.009 
0.0889 = t 
(0. 0167) R
2 
D-F 
Ci 
A· [ total cost] 
5. 327
0.434 
37 
This shows that as total cost increases, so does the efficiency with 
which the plant converts fuel to electrical energy. Two factors cause 
this: (1) for the same unit expenditure ($/kw of capacity) a larger 
plant will be more efficient; and (2) for a given size of plant a larger 
unit expenditure will purchase a thermodynamically more efficient 
plant. We have previously shown that at the plant level the first factor 
cannot be considered as a choice variable when considering the A-J 
effect, so we are th us interested in pinpointing the second factor. The 
previous result, like Courville' s procedure, did not distinguish 
14 
between these two factors. Indeed, by using a very simplistic 
approach the first effect can be shown to have contributed almost all 
the explanation to the total cost term. 
This is done by estimating the following equation: 
10
6 
= 
A
+ ct ltotal cost ($1, 000) 1 
heat rate L capacity (MW) J 
The following results were obtained.
A 
Ci = -0. 017 
(0. 044) 
A 
A = 105.4 
= t = o. 39 
2 
R = 0. 004
D-F = 37 
The above indicates that unit costs explained none of the observed 
variation in heat rate. On this basis it appears that the coefficient 
of capital which Courville has estimated is totally determined by the 
size of the plant, and this can not be considered as a choice variable 
within the context that he is considering. It should be noted that in 
both the above estimations, plant rather than unit data are used, not 
because this is the correct level to look for these effects but to make 
the results more directly comparable to Courville' s. 
There are some other perturbing factors about this functional 
form when used with his measure of capital. Using Courville' s 
description of his data set (i.e., new plants built during 1960-1966, 
under 800 Mw, capacity, and in first full year of operation) an attempt 
to reproduce his results was made (table III-1). They are designed 
as data set A-... The coefficients differ sign ificantly from those 
reported by Courville. They are also in the direction to make 
detection of the A-J effect less likely, and in fact when the t-test for 
overcapitalization was done with these coefficients, indecisive results 
were obtained. Clearly this was not the data set used by Courville. 
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The same plants were then examined and the "best" year of operation 
before 1969 was selected. The criterion for "best" was the highest 
output for what appeared to be a typical plant factor and af:er as many 
capacity additions as possible (provided they seemed to be part of 
the original design). The coefficients for this data set are shown as 
data set A (which is listed in entirety in appendix B) and these appear 
to agree well with those obtained by Courville. This is certainly a rather 
perverse behavior of the data, as the second set would appear to be less 
likely to show overcapitalization, because output in general was greater 
and in many cases expenditure per unit of capacity was less. The 
feeling that this measure of capital has such serious flaws so as to 
make it totally unreliable was further reinforced when Courville' s 
equation was reestimated using a sample of twenty-nine municipal, 
federal and Texas plants from the same period. The coefficient of 
capital was indistinguishable from zero. 
While the above shows that Courville' s estimated production 
function does not enable us to detect the A-J effect, his general 
approach is more promising than the two other methods. He gives 
many valid reasons why looking at a firm as a whole can lead to 
serious problems. He is also the only author to consider peak load 
effects, and within the context of his production function, his method 
of allowing for them seems reasonable. 
He is in error on one point, however, when he postulates a 
MIN formulation as the appropriate joint production function for 
distribution, transmission and generation . He appears to be confused 
by the fact that the peak power which can be delivered is limited by 
the rating of the weakest link in the system. The annual energy is 
not subject to any such limitation , unless equipment is running at
capacity for most of the year. The capacity of distribution systems 
is very seldom a limiting factor as overload merely produces degrada­
tion of performance (lower line voltage) with little risk of equipment 
17 
failure. Tr ansmission systems (AC) do have a point of maximum 
capacity which is determined by the reactive char acteristics of the 
load and the line. 5 When considering the delivery of ener gy, it is 
usually possible to use quite a s imple model as the transmission 
lo s ses  are s imply proportional to the square of the power level._
/ 
_
I 
See V .  L. Smith (10) for discuss ion of this classical 
problem in engineering economics. 
!£ the location of a plant is fixed and its costs of production determined, 
the choice of a transmission system c an easily be stated in mar ginal 
terms. The value of the mar ginal ener gy lost as heat should be equal 
to the annual marginal expenditure on the tr ansmi s sion system. 
'There are pos sibilities (as outlined earlier) for A-J type 
inter actions between tr ansmi s s ion and gener ation showing up in fuel 
choice and loc ation decisions . These are clearly not detectable unless 
the cost chara cteristic s of all the alternatives facing the firm are 
known. 
IV. CRITIQUE OF SPANN
· Spann uses an indirect method in his attempts to confirm 
the A-J thesis in the electric power industry. He tests two related 
hypotheses: 
1. The regulatory con s tr aint is inactive given that the firm is 
is a profit maximizer (i.e., Lagr ange multiplie r = 0), or 
2. !£the constr aint is active, the firms do not maximize 
pr ofits.
To test  these hypotheses ,  Spann assumes a tr ans-log 
production function for annual energy output and, from the normal 
Averch-Johnson first  order conditions, derives two equations 
giving the factor shares of total revenue. By assuming that all 
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firms face the s ame constant elasticity of demand he obtains a 
restriction on a coefficient in each equation. For the fir st hypothes is 
he jointly estimates these equations s ubject to this constraint. The 
estimated value of the Lag range multiplier i s  signifi c antly different 
from zero, From this lie concludes that inefficient input choices 
have been made. 
The fir s t  c riticism' is that evidence which show s  that the 
constraint is active does not neces s arily infer inefficiency. By 
considering taxation , Spann introduces a very good reason why the 
constr aint may be active and efficient input combinations chosen.  
Very briefly, (for more detail, see McKay [11]) the effect of  property 
taxation is to make c apital appear more expensive and hence introduce 
a bias which favors the s ub stitution of fuel for capital.  Corpor ate 
income tax works in a similar m anner a s  debt expenses are excluded 
from profit when computing taxes and it is the after tax rate of return 
that the regulato r s  consider. Thus, if utilities face higher c apital 
taxes than other business, taxation and r ate of return regulation are 
offsetting effects. 
Even ass uming no problem s with his theoretical model, 
Spann' s results do not demonstrate a c apital bia s .  Spann ' s plant d ata 
set was reconstructed and is lis ted in the appendix B. The two 
equations (for s implicity thes e  have the labor terms neglected) are, 
using Spann's equation numbers: 
s (8) 
s (10) 
rK 
PQ 
PfF 
PQ 
sK A 
PQ 
+ b1 + b2 logK + b3 logF 
b4 + b5 
logF + b6 
logK 
and these are subject to 
b3 = b6 (1-;\), 
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T o  check Spann' s r e s ul t s ,  the s e  e quatio n s  w e r e  r e e s timat e d  s e par ately 
u s ing two diffe r e nt me tho d s . The line ar r e g r e s s i o n  pr ogr am pr o duce d 
s u p e r i o r  p r into u t  with r e g ar d  to e r r o r s and g a ve g o o d  agr e e me n t  with 
the nonline ar p r ogr am which was to be u s e d for the joint e s tima tio n. 
T h e  inve r s e  of the s tandard e rr o r  e s timat e s  w e r e  u s ed to w e ight the 
o b s ervatio n s  when d o ing the joint e s timati o n ,  a s  w a s  done b y S p ann. 
T h e  jo int e s timation w a s  d o ne with A. fixe d at varie ty of valu e s lat e r  t o  
b e  c onside r e d  a s  alt e r native hyp o the s e s .  To t e s t  the s ig nific anc e  o f  
the e stimate d valu e o f  A., the following chi- s qu are s tati s tic was compute d . 
2 
1 
e rro r s um of s quare s with A. free 
Xl = -T og error s um of s qua r e s with A. = A 0 
where t.. i s  the alternative hypothe s i s .  The re sults a r e  dis played 
' 0 
table IV -1 and figure IV - 1. 
Spann concluded from the fa ct the A. wa s s ignificantly different 
from zero that the re was  ove rcapitalization. A s has b e en s hown ( 11 ) ,  
property and income taxation can produce a bias again s t capital 
inputs . The appropriate compari son is thus with the value of t.. 
which implies the s ame input combinations chos e n  by an untaxed 
and unre gulated cost minimize r. Thi s  value o f  A.0 i s g iven by 
whe re  
A. 0 
p - q + (q - ibc)/(l - c) 
p - q + (q - ibc) / ( l - c ) + (s - q) (1 - c) 
p - prope rty tax rate 
c - corporate income tax rate 
i - inte re s t  cost of capital 
b - fraction o f  debt capital t o  total 
r - opportunity cost of equity ca pital 
q - co s t of ca pital = ib + r (l - b) 
s - allowed rate of return 
1 % 
10% 
A. 
0.5 847 
0 .0 0 0  
0 . 0 5 0  
o. 10 0 
o. 30 0 
2 
X1
40 
30 
2 0 
10 
0 
0 
2 0  
TABLE IV-1 
tSSE A.fre e � 2 SSE SSE A. = A.
0 
lo g [] X1
69 . 87 1. 000 0 . 0 0 0 0  0 . 0 0  
9 9 . 35 0.703 -0 . 35 2 4  2 6.70 
94. 30 0 . 74i -0 . 2 9 9 7  2 2.0 8 
9 0 . 14 o. n5 -0 . 2 5 49 18. 8 5  
76.93 0.9 0 8  -0 . 09 65 7. 14 
o. 1 0 . 2 o. 3 0 . 4 o. 5 
A. 0 
Figure IV- 1 
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These values are displayed graphically as a function of allowed rate 
of r�turn and the prope rty tax r ate (fi gure IV-2). The par ameters 
used wer e  
and 
q = 0.05 6 
b 
c 
0.5 2  
0.52  
i = 0. 043 
Spann 
Moody's AAA bond yield 1963  
These last two g r aphs show that even if the maximum r ate o f  return 
o c cur r ing in  Spann's data ( r  = O .  09 12) is  used and a pr ope rty tax of
zer o  is  assumed, the hypothesis that the r e  is no  disto rtion is  accepted 
at the 1 % c onfidence level. 
So far Spann's results have be en c onside red unde r  the 
assumption that his methodology is otherwise acceptable. This, 
unfortunately, is not the c ase . His method crucially de pends on the 
t r ans-log  pro duction function be ing appr opriate , and in particular 
the c oeffic ients of the highe r orde r te rms being diffe rent from zero . 
The reasons why annual outout c an be expe cted to be linear with fuel 
inputs are discusse d above . Small de partures fr om line ar ity are 
caused by variation in output through the year, and n ot by inte r action 
betwe en some me asure of capital and fuel  used. The surprising 
fe ature that eme r ges is th at when equation S (8) is estimated by itself, 
the c oefficients b2 and b3 are not significantly d iffe r ent fr om ze r o .
r K  sK 
PQ 
= 0. 5 992 PQ + 0. 0119
(0. 108 8) 
+ O.  0002 9 3  logK + 0. 00615 9 logF 
(0. 0179) (0. 019 7) 
R = O. 7234 
:>.. 0 
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0. 7
0. 6 
0. 5
0.4 
p = 0.02 5 
p = 0. 015 property 
0. 3 t '� tax p = 0. 005 rate
p = 0.000 
0. 2
o. 1
O.O�-r�-t-�-t-�-t--�t-----ir---t�-r�--�--��--
. 06 • 07 . 08 • 09 1. 0
allowe d  rate of return S 
Figure IV -·2 
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Spann d oes not discuss this result at all, though this is prob ably 
an edito rial e r r o r  as a nonexistent discussion is mentioned in 
fo otnote 14. From the a priori notion of linearity, (i.e . ,  high 
orde r  te rms in the tr anslog function vanish) , e stimation of equation
(8) merely regresses allowed rate of return on a constant. 
Inte rpretation of the estimate of A. is certainly hazardous, as it 
appe ars to be me rely the aver age r atio of the cost of c apital to the 
allowed rate of return. B y  c oupling the two equations and jointly 
estimating them, some of the coefficients are made significant, but 
it does seem a b old move to attribute Lagr angian prope rties to the 
estimated A.. 
Reestimation of the equations jointly produced rathe r widely 
differing nume r i c al estimates c ompared to those obtained by Spann, 
probably lar gely be c ause of the omission of the lab o r  te rms and the 
rather flat minimum of t...1-ie e r r o r-squared surface . 
rK 
PQ 
PfF 
PQ 
A. 
sK O. 5 847 PQ t O. 2819 t O. 0192 logK - O. 0215 logF 
- O. 1130 t O. 0632 logF - O. 0518 lo gK 
The signs are consistent with those obtained by Spann. No e r ror 
estimates are in cluded due to the n online ar pr ogr am used. 
One difficulty with Spann's appr oach is that it gives 
absolutely no conside r ation to pe ak load effe cts, These effe cts are 
not the same for e ach plant. Furthe rmo re,  the assumption of 
constant elasticity of demand is also open to c riti cism, as differ ent 
utilities ce rtainly face diffe rent demand curves (due to , fo r example, 
re gional climatic diffe ren ces),  The major e rro r ,  though, is that 
t:\1-e production pro cess is inc orre ctly represented by the function 
chosen. Since this function is necessary in orde r fo r the method 
to be successful, the meaning of the r esults is dubious.
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V. · CRITIQUE OF PETERSEN 
Pete rsen attempts to dete ct the A-J effe ct by using the 
c ompar ative static results that show a r ise in unit production costs 
and a rise in the share of costs going to c apital as re gulation tightens. 
He uses three measures to quantify tightness of regulation. The 
first is a dummy variable to distinguish states that evaluate the 
r ate b ase on an o riginal cost b asis from those that use a replacement 
cost or fair value. The se cond measure is a dummy variable to 
distinguish between those states with statewide re gulato ry commissions 
and those without; the contention being that original c ost and statewide 
re gulation are "tighter" forms of re gulation.  His third me asure is 
an adjusted return to equity c apital which le ads, afte r some assump­
tions, to a continuous var iable me asu ring re gulatory tightness. By 
starting with a gene r alized cost function he attempts to explain unit 
costs and c apital's share of c osts. He in cludes his me asures of 
re gulato ry tightness as additive shifts in the cost estimations. 
Petersen's results lead him to conclude that regulation induces 
higher costs and thus that the Ave r ch-Johnson thesis has been 
confirmed.  Spe cific ally, his results are that while the c oefficie nt 
of his fair-value dummy is of the predicted sign, it is not signific antly 
diffe rent from ze ro  in eithe r the unit cost o r  share o f  cost estimation. 
His variable distinguishing statewide regulation has the expected sign 
and is signific antly diffe rent from z e r o  in b oth equations. The 
continuous me asure of re gulatory tightness is also of the c o r re ct 
sign and signific ant. Unfortunately, Pete rsen failed to examine any 
othe r explanations fo r  these obse rved results. A particularly simple 
explanation does exist which has absolutely nothing to do with the 
Averch-Johnson effe ct. The re are diffe rences in the fuels used whi ch 
happen to vary systematic ally w ith the statewide regulation and return 
to equity variables. 
Petersen's data set was reconstructed from the FPC reports 
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and is listed i n  the appendix. While a mo r e  pr e ci s e  me asure of thi s 
e ffe ct would be to weight e ach plant by output or capacity, a simple 
counting te s t  s uffice s to show the ·correlations between fue l u s e  and 
Petersen1s me a s ure s of r e gulatory tightnes s . 
c 
Statewide Reg. 15 
T e xas 0 
Iowa 0 
Minne s ota 1 
'IAli'l�E V-l 
Fuel Used 
Number of Plants 
0 G CG co 
3 4 7 3 
0 7 0 0 
0 0 1 0 
0 0 0 0 
C - c o al O - oil G - g as 
OG COG 
12 2 
0 0 
0 0 
0 0 
Pfants u s ing only gas have sign ificantly lower cap ital c o s t s  as well 
as production co s t s , compar e d  with tho s e  plants which c an u s e  coal. 6 
Becau s e  the T ex a s  pl ant s d ominate the unre gulate d part of the s ample, 
both in numbe r  and capacity (table V-1), it is not at all s urpri s ing 
that the c o s t s  were le s s , and the s h are o f  c o s t s  g oing to capital le s s , 
than in the re gul at e d  state s ,  which contained a majority of co al­
burning plant s.  The othe r, though le s s  important e ffe ct, is that 
completely outdoor con s truction is more prevalent in T ex a s  than the 
nation as a wh ole due to climati c d iffe rence s .  The f ailure to c ontrol 
for the s e  systematic technological d ifferen c e s  mean s that it i s  
in corre ct t o  attribute cost difference s to regulation , When us ing the 
return to equity me a s ure , Pete r s e n  u s e s  the s ame sample (excluding 
s ome for lack of dat a )  which mean s  that, if Texas firms do enjoy a 
hi ghe r rate of return (which they appe ar to d o), the re s ults o f  
thi s  me a s ure are al s o  thrown into doubt b y  the fuel differen ces. 
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The unanimous choice of gas by the Texas utilities compared 
with the choice of oth e r  fuels by regulate d utilities could its elf be 
taken as an indication of an A-J distortion. If s o, regulated states 
with ample gas supplies might be observed to choose plants that 
burn other fuels. But this is not born out by examination of choice s 
in Louisiana, a state with regulation and readily available natural gas, 
which also shows an overwhelming preference for gas-fired plants. 
The above discussions would seem to be strong enough 
reasons for considering the Petersen case far from convincing, but 
the�e are other points which would need consideration if this approach 
were to be reattempted. The question of load factor has not been 
considered, and while it is unlikely that it systematically varies with 
regulatory activity, this would need to be confirmed, as firms with 
poorer load factors do have both higher unit costs and a greater share 
of costs going to capital. The other possible effect which could show 
up as higher costs and share of costs is if regulatory institutions set 
higher reliability standards. This is not an A-J type of capital-fuel 
substitution, but would be indistinguishable from conventional 
A-J distortions using this method. 
Petersen's chqice of a s ample is, in many ways, arbitrary. 
He includes a plant if it expands its capacity at least 50%, claiming that 
this is a marginal decision and thus suitable for the theory . This is 
generally not true, as most of the expansion included in hi s s ample 
was simply part of the original construction schedule as another 
identical unit was brought on line , Totally new plants are more nearly 
marginal decisions by the firms. Petersen also errs in believing 
multiple observations on the same plant constitute independent 
observations. While the desire to accumulate a large number of 
observations is understandable, the practice of using three annual 
observations on each plant leaves much to be desired. If the plant s 
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are oper ating under nor mal conditions the yearly ob ser vations will 
be almo s t identic al, and if not ( e ithe r  du e to b r e akdown or s chedule d  
maintenanc e )  the obs e r vation is s puriou s with r eg ard t o  the A - J e ffe c t .
V I .  A REVISION O F COURVILLE'S  METHOD 
Because of it s dir e c tne s s  and lac k  of r estrictive as s umptions , 
a test of the e qu ality of the r a tio s of marg inal pr oductivities and of 
pr ic e s , as att e mpte d by C our vill e , is a ttr ac tive . 7 T o  do this in lig ht 
of the po int s made pr e viou s ly ab ou t c h aracteriz ation of the te chnological 
possibilities, a new fo r mulation of the p r o fit maximizing model is 
ne e de d . A s  outline d e ar l ie r ,  whe n  c on s truc ting a new plant , the choice 
var i abl e , as far as the A - J  hyp othe s i s is c o nc e r n e d ,  is the e fficiency 
with which that plant c onve r t s  fu e l  to e l e c t r i c al e ne r g y .  The de e i s ions 
c o n c e r ning the l o c ation, c a p a c ity, numb e r  of units and fue l  are 
c o n s tr aine d by exog enous t e c hnical and e c onomic factors, These may 
be s ubj e c t  to A - J effe c ts ,  but mu c h  mor e  infor mation o n  the alte rn atives 
a vailable i s  re quired before thi s  c an be dete r mine d . The effic ienc y 
of a plant i s  not a uniqu e quantity, but d e p e n d s  on the level and the 
time di s tribution of output . Be c ause in s tantane ou s  output d a t a  i s  
n o t  available , thi s efficiency c an not b e  c aptu r e d  mor e  fine ly than b y  
the s imple annu al h e at rate. T h i s  se ction presents a r e fo r mulation 
of  the c la s s ic A - J  mo de l with the heat r ate as the c a pital input
v ariable . 
A . Model 
No tatio n : q 
f 
s 
H 
Q 
F 
r 
- i n s tanta neous output (KW) 
- i n s tanta neous rate of fuel input ( BT U/hr) 
- c ap a c ity o f  unit (KW } 
* 
- annual heat rate ( B'L'U / KW H} 
- annual e ne rgy output ( KWH) 
- annual fue l  c o n s umptio n ( B T U }  
- c o s t  of capital ( $ / $ )  
s - allowed rate of return ( $ / $ )  
pf 
- pric e of fuel ( $ / BTU) 
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p - price of output ( $ / KW H) 
C - c ost of capital e quipme nt ( unit}.  A s s umed
to be a w ell behaved function of S and H.
* - 3�2 x 1 0 0  = the rmodynamic effic ie ncy (%)
The p roduc tion c o nditio ns are that 
H1Tq dt =.lT f dt
and 
q � S
the fir s t  condition may be put mo r e  conci s ely a s  
H Q = F 
F o r  a g ive n o utput the regulated monopoli s t  will attempt to maximiz e · 
Profit = pQ - pf F - r C (S ,  H)
subj e c t  to the rate of r e turn cons traint 
pQ - pf F - s C (S , H) � O .
The s ta nda rd a s s umptions that s > r and that the cons traint hold s 
with equality a r e  mad e .  To obtain the c o ndi tions  for maximization ,
adj o in the c o n s tr aint to the obj e ctive function with the multiplier A .  
L = ( p - Hpf
) Q - r C ( S, H} - A. ( ( p  - Hpf} Q - s C ( S , H} ) ,
The fi r s t  o rde r c o nditions  fo r a regular maximum ( co n s ide ring output 
fixed ) are : 
o L
o H 0 
o c o c- pfQ - r o H  + A. pfQ + A. s o H
which r e a r rang e s  to the following : 
o C
p
fQ 
+ r 
o H
/.. o C  1 =-i ( s  - r )  
o H ·
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T h e  second o rde r c o nditions for reg ular constrained maximization
re quire that : 
and hence : 
2 
o L .::;: O 
2 o H
o 2 c ( - r  + /.. s ) --
2 
� O . 
o H
As suming that efficiency i s  subject to diminishing returns , 
. o
2
c ci c  . 
1 .  e . , --2 > 0 and 
o H  < 0 it  follow s that
o H
- r + A S � 0 
Hence 
A <  1 s ince s > r . 
U s ing the same arguments a s Baumol and Kl evo rick ( 1 2 ) , the 
re lation 0 < A  < 1 can be obtained.  U s ing this information in the 
rear ranged fo rm of the fir s t  o rder condition g ives the marg inal 
productivity condition if the A - J  effect is active : 
Q 
o C  Pf + r - < 0o H  
The condition fo r a co s t  minimiz e r  is : 
o C
= 0 P Q + r o H  f
B .  T he C o s t  of Capital E quipment 
T o  te s t  thi s  for m  of  the A - J  hypothe s i s , an e s timable co st  
func tion must be derived from which we can extract the marginal 
3 0  
co s t  of  efficiency. T he co s t ,  C ,  tends t o  infinity a s  the heat rate 
approache s s o me minimum achievable level ( determined b y  the 
temperature s  and pre s sure s of the cycle) .  An ab s olutely perfe c t  
cycle us ing imprac tical temperatures could at be s t  have a heat rate 
of 3 4 1 2  B T U  / kwh , which corre s po nds  to 1 0 0 % thermo dynamic efficiency. 
Cons idering current metallurgical limitations , in prac tice this 
as ymptotic heat rate i s  likely to be in the vicinity of  6, 0 0 0  B T U  /kwh 
(approximately 5 7 % efficiency) . T he reasonablene s s  o.f this as sertion 
is  e vident in figure VI- 1. 8
For simplicity , a Cobb - Douglas function is used to explain 
the co s t  of capital equipment , i . e . , 
lo g [ equipme nt co st/unit] = A +  Cl' CD + 13 lo g  [ unit siz e]  + 
y lo g [ numbe r of units  in plant] + l)log [ heat rate - BJ . 
B = as ympto tic heat rate CD = coal dummy 
In terms of these parameters the marginal c o s t  i s :  
� 
o H
___§_£_ 
H - B 
in which , for practical purpo s e s , the e s timate of Ii ( B )  will be u s ed. 
The quantity B C .  is a b iased e s timate of Ii C due to the s tochas tic 
l 
nature of C . , which require s attention when formulating a tes t  s imilar 
l . 
to Courville ' s  as will b e  discus sed below. 
The data s e t de scribed as A in the s ection on Courville ' s  
work was used to e s timate this equation. S ix different values of B 
were used to demonstrate the ins ens itivity of the hypothe sis  t e s t s  to 
thi s as sumption. For detailed discus sion,  the pre viously mentioned 
value of  6 ,  000  was used. The re s u lts of  the e s timation are tabulate d  
in table VI- 1 .  E stimate s of more complicated functions and some 
r eg r e s sions using ano ther set of data ar e reported in Appendix C .  
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TA B L E  V I- 1 
! 
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! 
I 
/ 
-D 
N 
CP 
h"j 
E s tima t i o n  of C o s t  F u nc t i o n  fo r C ap i ta l E q uipm e n t  
S t d .  
A Q' l!l y 6 E r r o r  
0 .  1 7 8  0 . 7 1 9  - 0 . 0 9 6  - 0 . 6 6 6  
1 1 .  9 4  7 ( 0 .  0 8 1 ) ( 0 .  0 8 0 )  ( o .  0 9 0 )  ( o. 5 0 9 )  0 . 2 1 0 7 0  
o .  1 7 8 0 . 7 1 9  - 0 . 0 9 6  - 0 . 5 6 8  
1 0 . 9 9 3 ( 0 . 0 8 1 ) ( 0 .  0 8 0 )  ( o .  0 9 0 )  ( 0 .  4 3 5 )  0 . 2 1 0 7 1 
o .  1 7 8 0 . 7 1 9  - 0 . 0 9 7  - 0 . 4 7 0  
1 0 . 0 5 4  
( 0 .  0 8 1 ) ( 0 .  0 7 9 )  ( 0 . 0 9 0 )  ( 0 .  3 6 0 )  o .  2 1 0 7 2
0 . 1 7 8  o. 7 2 0 - 0 .  0 9 7 - 0 . 3 7 0  
9 .  1 1 3 ( 0 .  0 8 1 ) ( 0 .  0 7 9 ) ( o. 0 9 0 )  ( o .  2 8 4 0 . 2 1 0 7 5  
o .  1 7 9 o. 7 2 2 - 0 . 0 9 8  - 0 . 2 6 7 
8 .  1 6 9  ( 0 ,  0 8 1 )  ( 0 .  0 7 8 )  ( o .  0 9 0 )  ( 0 .  2 0 6 )  0 . 2 1 0 8 0  
o .  1 8 1 o .  7 2 8 - 0 . 1 0 1  - 0 . 1 55 
7 .  1 7 3  ( 0 .  0 8 1 )  ( 0 .  0 9 0 )  ( o. 0 9 0 )  ( o .  1 2 2 )  
0 . 2 1 0 9 8  
Numbe r s  i n  pa re nth� s e s  a r e  s tand a r d  e r r o r s  o f  c o e ffi c i e n t s . 
[-..I 
0 
0 
0 
'O 
"' ... . 
� ---- --., 
.... 
.... 
l.]l 
-D 
h"j 
R 
0 . 9 3 3 0 2 4  
0 . 9 3 3 0 1 6  
0 . 9 3 3 0 1 2  
0 . 9 3 2 9 9 4  
0 . 9 3 2 9 5 8  
0 . 9 32 8 3 9 
log [ co s t /unit] = A +  a CD + l!) log [uni t  s ize ]  + ylog [ numbe r of uni ts ] + Mog [heat rate  - B]
"' 
0 
Ul 
..., 
N 
3 3  
C our ville u s e d  a t - te s t  dir e c tly o n  his mar g inal c onditions . 
U nfor tunately, anoth e r  p r oblem, in addition to the bias in the e s timate , 
for c e s  a chang e in me thod .  D u e
· 
t o  the p o o r  e s timate obtaine d fo r o 
(lar g e  s tandar d e r r or ) ,  the null hypothe s i s  c an not be te s t e d  with any 
h o p e  o f  r e j e c ting it_ s ince the limiting value o f  the t - s tatis tic obtaine d 
with inc r e a s ing c o s t  of c apital tends towar d . ..)._ ,  which is no t .
a o  
s ignific a nt . A te s t  of the alter native hyp o the s i s  ( i . e . , under c ap italiz a -
tion) c an b e  p e r fo r me d  with s ome h o p e  of s u c c e s s .  Thu s ,  f o r  e a ch 
p lant the following is c o mpute d :  
p f  Q . 
+ 
rli C .  
i 1 __ 1�
H. - B 
1 T . = --.. 
1 rcr, C . / ( H. - B )
u 1 1 
While the bia s in 8 C .  is neg lig ible and s u p p o r tive of the A - J  effec t
1 
{ s e e  Appendix A ) , unfo r tunately no thing c an be s hown abou t  the bia s  
i n  & 0 C i .  T hi s  t e s t  mu s t  thu s b e  c a r r i e d  out u n d e r  the b o l d  a s s umption 
that thi s is al s o  neglig ible . The r e s ul t s  ar e pr e s e nt e d  in table VI- 2 ,
which shows the p e r c e ntag e o f  the s ampl e  fo r which unde r c apitaliz a tion 
c ould be infe r r e d  {in a one-t aile d te s t) as a function o f  the c o s. t  of 
c a p ital . ( C o s t  of c apital i s  taken to include the e ffe c t s  of inc o me and 
p r o p e r ty taxa tion. ) 
F o r  c o s t s  of c apital u s e d  by othe r s  ("" 6 to 8 %) it doe s 
not a p p e a r  that a c a s e  for the A - J e ffe c t  c an be made . 
Ano th e r  a p p r o ach w a s  al s o  u s.e d  to te s t  for the A - J  e ffe c t .  If
the r e  w e r e  no A - J bia s , a p ar ticular power plant would have equ al 
p r ob ab ility of the quantity 
r e c .
1 p
f Qi t H. - B i 1 
b e ing p o s itive or neg ative , Henc e ,  a c ounting p r o c e dur e c an be u s e d
t o  te s t  whe the r the p r o bability o f  thi s  te r m  being po s itive i s  inde e d  
HO : 
Hl : 
TA BLE VI- 2 
T T e s t of Unde r capitalizatio n 
C o s t of P e r c e nt of Sample which Hl Rej e c ted
Capital 1% 
• 0 1 0 0 1 0 0 .  
• 0 2 0 0 1 0 0 .  
• 0 3 00 9 7 . 
• 0 4 0 0 8 7 .  
• 0 5 0 0 7 7 • 
• 0 6 0 0 6 2  • 
• 0 7 0 0 2 8  • 
• 0 8 0 0 1 8  • 
• 0 9 0 0 1 0  . 
• 1 0 0 0 5 .  
• 1 1 0 0 o .
• 1 2 0 0 o .
• 1 3 0 0 o .
• 1 40 0 o . 
• 1 5 0 0 o • 
• 1 6 0 0 o .
• 1 7 0 0 o . 
• 1 8 0 0 o . 
• 1 9 0 0 o . 
• 2 0 0 0 o . 
• 2 1 0 0 o .
• 2 2 0 0 o .
• 2 30 0 0 . 
• 2 4 0 0 o . 
• 2 5 0 0 0 • 
pp ( H  - B ) / r + 8 c
... c > 0 O"li 
pp( H - B ) / r + k
... � o
crli C 
5% 10% 
1 0 0 .  1 0 0 • 
1 0 0  • 1 0 0 .  
10 0  • 1 00 .  
9 2 . 9 7 . 
8 7 .  9 0 .  
7 9 .  8 5 .  
6 9 .  7 7 .  
36. 6 7 .  
2 3 .  3 8 .  
1 8 . 2 3  • 
1 0  • 1 8 . 
5• 1 3 . 
3 • 1 0 .  
o . 5 . 
o . 3 .  
0 .  o . 
0 .  o .
o . o .
0 .  o .
0 .  o .
0 . o .
o . o .
o . o .
o . 0 .  
o . o .
B = 6 0 0 0  
t = - • 3 7 0
a = 
Ii 
• 2 8 4
3 4  
0 ·  5 .  A s  b e fo r e ,  the pr oble m o f  b i a s  in B C .  mu s t  b e  c o n s ider e d. 
l 
He r e  the s tati s tic of inte r e s t  i s  the me dian , and it c an be s hown 
that the b i a s  h e r e  i s  inde e d  neg ligible ( ap p e ndix A) . 
The p e r c e nt a g e  of th e s ample fo r which 
r � C .  
l 
Pf .
Q
I + Hi - B
l 
i s  ne g ative fo r a r ang e of r and B i s  di s pl ay e d  in t able VI- 3 .  As 
3 5  
the r e s ul t s  ar e in s e n s itive to B ,  the c a s e B = 6 ,  000 will b e  examin e d
in detail.  T he s e  r e s u l t s  ar e g r aphe d o n  figur e VI- 2 a s  i s a c u mulative 
b in o mial di s tr ib u t i o n  w i th µ = • 5 and n = 3 9 .  The 5 %  and 1 0 %  
c onfide n c e  limi t s  c an then b e  tr an s fe r r e d  and r e a d  a s  limi t s  o n  the 
c o s t o f  c ap i tal. The c o s t  minimiz ing hyp o the s i s  c an only b e  a c c e p t ed 
at the 5 %  c onfide n c e  l e v e l  whe n the c o s t  of c ap i t al lie s b e tw e e n  1 6 ,  4 % 
and 1 8 . 6 %. T h i s  t e nd s  to c o n t r ad i c t  the A-J pr e di c tion and e ve n  
s ug g e s t  the o p p o s i te may b e  t r u e  ( i . e . , p l ants have b e e n  built w ith 
le s s  than the o p timum e ffi c ie n c y ) . 
Rath e r  than u s e  the p o int e s timate fo r Ii ,  in view of i t s  
r e latively l ar g e  s t andar d e r r o r , t h e  ab o v e  te s t  w a s  r e p e at e d  u s ing i t s  
9 5 %  low e r  c onfidenc e l i m i t  ( table V I- 4 ) .  T h i s  w a s  p l o t t e d  o v e r  the 
c entr al r ang e and ch ang e s  the 5 % c o nfid e n c e  limi t s  on c o s t  of c apital 
to 7 .  2 % and 8 .  0 % r e s p e c tively.  T h i s  i s  s till l ar g e r  than the a p p ar e nt 
c o s t  o f  c ap i tal in thi s  p e r iod that was u s e d by C our vill e , S p ann and 
P e t e r s e n ,  but with the .in c lu s io n  of a s mall p r o p e r ty tax it appe ar s 
that the null hyp o the s i s may be ac c e p te d .  
T hu s ,  w ithin the limi t s  o f  the data that ar e r e adily a vailabl e , 
the r e  s e e ms to be no e vi de n c e  to s u p p o r t the mor e c ar e fully 
fo r mu l a t e d  v e r s io n  o f  the A - J  hypothe s i s . In view o f  the l ar g e  numb e r  
o f  o th e r  fo r m s  c ap ital b i a s  c o ul d  take , s u r e ly i t s  p r e s e n c e  r e mains 
an o p e n  e mpir i c al qu e s tion, T he e v ide n c e  d o e s n o t  s u p p o r t the 
n o tion that e le c tr ic u t ilitie s s u b s titu t e  c ap it a l  in the fo r m  o f  e ffi c i e n c y  
of e ne r g y  c onve r s ion fo r fue l ,  a s  the A - J  mo del pr e dic t s . 
C o s t  of 
C apital 
. 0 1  
. 02 
. 0 3  
. 0 4  
. 0 5  
. 0 6 
. 0 7  
. 0 8 
. 0 9 
. 1 0  
. 1 1  
. 1 2  
. 1 3  
. 1 4  
. 1 5  
. 1 6  
. 1 7 
• 1 8
• 1 9
. 2 0  
. 2 1  
• 2 2  
. 2 3 
. 24 
. 2 5  
TABLE VI-3 
B 
3 0 0 0  4 0 0 0  5 0 0 0  
0 0 0 
0 0 0 
0 0 o .  
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 . 0 0  0 . 0 0  0 . 0 0  
5 .  1 3  5 .  1 3  5 .  1 3  
7 . 6 9  7 .  6 9  7 .  6 9  
1 0 . 2 6  1 0 . 2 6  1 2 ; 8 2  
15 .  3 8  1 5 , 3 8  15 . 3 8  
1 7 . 9 5  1 7 . 9 5  2 0 . 5 1  
2 0 . 5 1  20. 5 1  20. 5 1  
2 3 .  0 8  20. 5 1 20. 5 1 
3 3 . 3 3  3 5 . 9 0  3 3 . 3 3  
4 3 . 59 4 3 .  5 9  4 6 .  1 5 
6 1 .  54 6 1 . 54 5 8 . 9 7  
6 6 .  6 7  6 6 . 6 7  7 1 .  7 9  
7 1 .  7 9  74 . 3 6  74. 3 6  
74 . 3 6  74 . 3 6  74 . 3 6  
7 6 . 9 2  7 9 . 49  8 2 . 05 
7 9 . 4 9  8 2 . 0 5 8 2 . 0 5  
84 . 6 2 84 . 6 2  84 . 6 2  
8 7 .  1 8  84 . 6 2  8 7 . 1 8 
6 0 0 0  7 0 0 0  
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 . 0 0  
0 . 0 0  2 . 5 6  
7 . 6 9  7 .  6 9  
1 0 . 2 6  1 0 . 2 6  
12 . 8 2  1 2 .  82  
1 5 .  3 8  15 . 3 8  
20 . 5 1  20. 5 1  
2 3 . 0 8  2 5 . 64 
2 5 . 64 25 .  64 
3 0 .  7 7  3 0 .  7 7  
4 3 . 5 9  4 3 . 5 9 · 
6 1 .  54 5 8 . 9 7  
7 1 .  79  6 6 . 6 7  
76 . 9 2 7 6 . 9 2 
7 9 . 49  7 9 . 49  
8 2 . 05 82 . 0 5 
8 2 . 0 5 84 . 6 2  
8 7 .  1 8  8 7 .  1 8  
8 9 .  74 8 9 .  74 
8 0 0 0  
0 
0 
0 
0 
0 
0 . 0 0  
5 .  13 
7 .  6 9  
1 0 . 2 6  
1 0 .  2 6  
1 7 . 9 5  
1 7 . 9 5  
2 5 . 64  
2 8 . 2 1 
3 0 .  7 7  
3 3 . 3 3  
3 5 . 9 0  
3 8 . 4 6  
4 8 .  7 2  
64 .  1 0  
7 1 .  7 9  
7 1 .  7 9  
8 2 . 05 
8 2 . 0 5  
8 2 . 0 5  
3 6  
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TAB LE VI- 4 
A 
U s ing 9 5 % l owe r c o nfid e n c e  l imit f o r  6 
B = 6 0 0 0  
6 = - 0 . 8 3 5  
C o s t  of % of Sample 
C a p i tal Ne g a ti ve 
. 0 3 0  0 . 0 0  
. 0 3 2 o . o o  
. 0 3 4  0 . 0 0  
. 0 3 6  2 .  5 6  
. 0 3 8  2 .  5 6  
. 0 4 0 7 . 6 9  
. 0 42 7 .  6 9  
. 0 44 1 0 .  2 6  
. 0 4 6  1 0 . 2 6  
. 0 48 1 2 .  8 2  
. 0 5 0 1 2 . 8 2  
. 0 52 1 2 .  8 2  
• 0 5 4 1 5 . 3 8  
. 0 5 6 1 5 . 3 8  
. 0 5 8 2 0 . 5 1  
. 0 6 0  2 0 .  5 1  
. 0 6 2 2 3 . 0 8  
. 0 6 4 2 3 . 0 8  
. 0 6 6  2 5 .  6 4  
. 0 6 8  2 5 .  6 4  
. 0 7 0 2 8 .  2 1  
. 0 7 2  3 5 . 9 0  
. 0 7 4 3 8 . 4 6  
. 0 7 6 4 3 .  5 9  
. 0 7 8 6 1 .  5 4  
• 0 8 0 6 1 .  5 4  
. 0 8 2  6 6 . 6 7  
. 0 8 4  6 9 .  2 3  
• 0 8 6 7 1 .  7 9  
• 0 8 8 . 7 4 .  3 6  
3 8  
i . e . , f o r  
APPENDIX A 
B ias in Me an and Median of Sc. 
l 
3 9  
As n ot e d  i n  the text ,  the quantity 5 c. i s  a b ia s e d  e st imate 
l 
of &:: .* ( C .  * B e ing the s y stematic part of C. } .  F o r  the purp o s e s  of
l l l 
the two te s t s  u s e d  in thi s  pap e r , of pr in c ipal inte r e s t  a r e  the b i a s e s  
in the m e an, varian c e  and m e d i an o f  thi s  quantity. Unfo rtunately, it i s  
not p o s s ible t o  evaluat e  th i s  b i a s  i n  the v a r i an c e .  
T h e  model that i s  u s e d  to e s t im ate o i s : 
A ac n � Y  t'> ui C i = e e Si i (H1 - B )  e 
in wh i ch U .  i s  a s s umed to be N(  O, a2 ) and E ( U. U . )  = 0 f o r  i f.  j .  
l l J 
The l e a s t  square s e st imate s of the c oeffi c ients ( afte r  takin g  
l o g a r ithm s ) will d iffe r f r o m  the a ctual value by a l ine ar comb ination 
of the U . •
l 
A - A \ = (XTXf 1xTu
A 
0/ - di 
� - a
, y  - v 
8 - 6 
As only S is of inte r e s t ,  the last r ow of (X
T 
X) -
l
X
T 
c an be de s ignated
a s  a ve ctor with element s  K . .  The s e we r e  evaluated and a r e  listed J 
in table A-1;  note that none exc e e d + O .  0 9 . 
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TAB LE A - 1 
Table of K. fo r Data S e t  A 
1 
l 0 . 02 8 8 6 8 6  
2 0 . 0 44 1 52 0  
3 - 0 .  0 72 46 7 5  
4 - 0 .  1 1 8 3 1 0 5  
5 - 0 .  0 9 7 9 5 3 4  
6 - 0 . 0 9 1 42 5 5 
7 0 . 0 52 3 5 3 2  
8 0 . 0 62 3 6 8 1 
9 0 . 0 4 9 3 8 1 3  
1 0  0 . 0 54 3 0 9 5  
1 1 0 . 0 7 7 3 0 1) 7  
1 2  0 .  02 7 7 2  5 1  
1 3 0 . 0 7 1 1 0 2 3  
1 4 - 0 .  0 1 62 5 3 9  
1 5 - 0 .  0 8 5 56 1 1
1 6  o .  0 1 8 7 1 2 6
1 7 - 0 . 0 9 3 2 5 7 0  
1 8 0 . 0 3 048 3 3  
1 9 - 0 . 0 1 0 3 8 6 7  
2 0  - 0 .  1 1 8 0 5 6 7  
2 1 0 . 0 4 7 5 7 4 0  
2 2 - 0 . 0 0 9 7 9 2 3 
2 3  o .  0 1 492 9 4
2 4  0 . 0 9 0 0 7 6 8  
2 5 0 . 0 4 1 76 82 
2 6  - 0 . 0 6 0 1 0 3 7  
2 7  - 0 .  0 9 3 8 7 2 3 
2 8  0 . 0 5 1 7 1 8 4 
2 9 0 . 0 5 0 5 9 42 
3 0  - 0 .  0 0 0 9 0 7 7  
3 1 0 . 0 3 8 7 9 3 1 
3 2 0 .  0 5 6 8 6 54  
3 3  - 0 .  0 9 9 6 5 4 1  
3 4  0 . 0 4 5 1 1 0 5  
35 0 . 0 3 1 48 5 7 
3 6  - 0 . 0 1 1 0 6 6 9  
3 7  - 0 .  0 5 3 0 8 5 1  
3 8  0 . 0 3 5 8 6 1 6  
3 9  0 . 0 1 0 6 1 0 4 
4 1  
. A 
The quantity of inte r e s t  is o C . ,  which i s  equiv alent to 
C . *{6 +  � K . U . }e�i 
l . j = l · J J
whe r e  Ci * i s  the nons t o cha s  tic p a r t  of Ci.  T h e  me an of thi s var iable 
i s 
{ "' U· 1 
C . *  5 J e 1 Vz:;
1 
_ ..,  Zn a 
... 
J U · l + K . U . e l
vTrf .1 - "' i Zrr a 
e 
_ i(u;) 2 
. - ±(:·) '  
which, afte r c o mple ting the s quar e ,  g i v e s
Ci* { o + Kicr z} ea 2 / 2 
dU .
1 
dU i } 
T o  s e e  what the app r oximate magnitud e  of thi s quantity i s , s ub stitute 
the e s timate s of b, a2 and the wor st c a s e  K. ( i ,  e . , w o r s t  from the 
l 
po int of view of n ot finding the A - J  effe c t ) ,  which give s 
C . * ( - 0 . 3 74 ) .  Sin c e  the e stimat e d  value i s  C . * ( - 0 .  3 7 0 ) ,  the b i a s
l l 
i s  small and in favo r of the A - J  effe ct.
The me dian of e 
U
i is unity, so the fir st te rm r emain s  
un affe cted . The s e cond t e rm d epend s o n  the medi an o f  U . e 
ui , which
l 
is not e a s ily c ompute d an alyt i c ally . Thi s was s imulate d  by d r awing 
a s ample of s i z e  1, 0 0 0  from a N ( O ,  cr2 ) "  d i s t r ibution and c omput in g 
the vari able U . e ui.  The me di an of thi s  var iable , with a = O .  2107 ,l 
w a s  O .  0 0 34 , The wor s t  c a s e ,  a g a in when the lar g e s t  K .  is u s e d ,  
l 
yield s ,  on replacement of & by it s e st imate,  C . * ( - 0 . 3 7 0  + • 0 0 0 3 06 ) ,
1 
wh ich i s  a b i a s  against finding the A- J e ffe <.:t but of ne gl i g ible
magnitude .  
Provided the b i a s  in the variance a 0 Ci 
i s small, the s e  
c alculation s show that the re sults o f  the fir s t  t e s t  are unaffe cte d
by the s tochastic natur e  o f  C . , The b i a s  in the med i an i s  of 
l 
ne gli gible magnitude s o  the c ountin g te st i s  al s o  unaffe cte d ,
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APPENDIX B
The Data Used 
1 .  The data s e t  which i s  ide ntified a s  A in the text w a s
cons tructed by r e plicating Courville ' s 1 9 6 0 - 1 9 6 6  vintage plant s .  
As noted in the t ext a c rite ria of b e s t  year  of ope ration wa s used.  
. -The sample i s  li s ted in  the following table ( table B - 1 )  whe re  the
following no tatio n is used .
name - the name a s  li s ted in the F P C  index 
a - the year of  observation 
b - the capacity of the plant in megawatts 
c - the numbe r of units in the plant 
d - the plant fac to r  in pe r c e nt 
e - the heat rate in B T U/kwh 
f - the c o s t  of s tructur e s  in $ 1 ,  0 0 0  
g - the c o s t  of equipment in $ 1 ,  0 0 0  
h - the annual output in  million kwh 
i - the total fuel  used  in 1 0 6 M B T U
the pr ice  of fuel in  � / MB T U  
4 3  
k - type of construc tion ( C  = conve ntional, S = s e mioutdoor , 
0 = outdoo r )  
1 - coal u s e d  a s  fuel 
m - oil u s e d  
n - gas  
Name 
Greene County 
Cholla 
He lena 
South Bay 
Cool-Wate r  
Cape Kennedy 
Lans ing Smith 
Harllee B ranch 
B a illy 
McDonough 
C offe en 
B reed 
Ne al 
C imma ron Rive r 
G o rdon Evans 
B ig Sandy 
Little Gyp s y  
C rane 
Chalk Point 
New B o s ton 
Mt. Tom 
B rayton Point 
Campb e l l ,  J. H. 
S ible y 
Re id Ga rdine r 
Trace y 
Sun r i s e  
M e r r imac k  
Hud son 
M e r c e r  
E n gland , B .  L .  
Four Corners 
Rave swood 
Roxboro 
A shville 
M a r s hall 
Northea s te rn 
B runne r Island 
Canad ya 
& b c d e 
6 8 5 6 8  z 7 3  9 4 0 1  
64  1 1 5 1 9 2  9632 
6 6  32 5 1 6 9  9 9 0 2  
6 8  4 7 4  3 7 4  9 7 8 8  
62  6 S  1 80 9 9 6 3  
6 6  402 1 58 9 4 6 1  
6 8  3 40 z 7 5  1 00 1 9  
6 6  2 9 9  1 S9  9 6 9 2  
6 3 1 9 4  1 7 5  9 S 8 4  
6 8  S 98  2 7 S  9 8 7 3  
6 6  3 3 0  1 7 8  9 9 3 0  
66 4 S O  1 8 0  8 9 S 7  
6 9  1 47 1 72 1 0 0 9 0  
6 6  5 9  1 6 6  1 2 0 9 9  
6 6  l S O 1 8 3  9 8 8 6  
6 5  2 6 5  I 9 3  8 9 5 9  
6 8  6 6 9  z 7 8  98 32 
69 40 0 2 7 7  9 5 4 1  
6 7 7 2 8  2 7 6  8 7 0 0  
6 6  3 5 9  I 7 9  9 0 34 
6 1  1 2 S  1 9 S  9 6 8 5  
6 5  4 8 3  2 9 1  88 1 1  
6 5 2 6 5  I 8 4  8 9 0 S  
6 4  1 0 0  2 7 8  1 1 4 7 6  
6 9 2 2 8  2 8 1 9 9 4 8  
6 8  1 3 3  2 6 3  1 1 2 9 5  
6 7  8 2  l 7 4  9 9 42 
6 7  1 1 4 1 8 4  9 8 0 S  
6 6  4 5 5  1 6 4  9 3 3 9  
6 4  6 5 3  z 7 9  8 8 7 8  
68 3 0 0  2 77 9 7 7 7  
6 5  6 3 4  3 7 6  1 0 2 77 
64 8 0 0  2 6 5  9 6 3 1  
6 7  4 1 1  1 7 6  9Z 7 1  
1>9 2 0 7  1 7 9  9 Z 2 1 
6 8  7 0 0  2 9 9  8 6 90 
6 9  1 7 0  l 8 4  1 0 5 8 0  
6 8  768  2 7 6  9 4 3 9  
6 1> 2 72 2 7 1  9 3 1 0  
44 
TABLE B - 1  
Da la. S e t  A 
£ g h I j k l m " 
9 46 1 4 5 6 0 3  3 6 3 4. 7 34. 1 6 9 z z .  66 c x 
1 8 3 3  1 8 3 9 0  9 3 1 .  4 8 . 946 p . 66 0 x 
4 1 7 0  3 8 6 5 3  2 1 6 6 .  7 Z l . 42 4 2 6 .  3 4 0 x 
92 1 9  4 0 4 5 1  3 0 8 2 .  0 3 0 ,  1 6 9  3 3 .  8 S  c x x 
7 9 7  1 0 3 3 3  4 5 7 .  0 4. 5 5 4  34.  1 5  0 x x 
4 6 8 3  2 3 670 ZOSS .  4 1 9 .  446 3 2 .  30  0 x 
7022  38808  2 2 3 1 .  9 2 2 .  342  2 5 . 67  c x 
6 3 5 0  2 5 7 0 9  1 S S 7 .  8 l S . 0 7 7  3 0 .  6 1  c x 
8474 Z S 904 1270.  6 1 2 .  1 7 8  2 7 .  1 4  c x x 
7 9 1 2  4 3 7 2 1 3 9 6 3 .  8 3 9 .  1 1 5  2 5 .  2 0  c x 
1 1 06 6  3 1 948 2 2  5 8 .  2 2 2 .  4 0 8  1 7. 2 0  c x 
1 2 8 2 4  5 9 8 8 4  3 1 5 S .  7 2 8 .  Z 5 6 1 9 .  0 1  s x 
2 96 2  1 7 02 4 9 3 0 .  5 9. 38 1 3 0 .  48  c x x 
9 1 7  6 3 0 4  3 3 9 .  5 4 . 1 0 8  3 4 .  5 5  s x 
2 2 8 6  1 4 4 6 7  1 09 2 .  1 1 0 .  7 9 5  2 1 .  6 5 0 x 
6 1 1 9  3 1 642 2 1 6 5 . 0 1 9 .  3 8 8  1 6 .  1 6  c x 
4 3 9 9  46 1 9 4  4602 . 0 4 5 .  2 4 6  1 9. Z S  0 x 
1 6 2 56 488 1 0  2 6 9 5 ; 2 2 5 . 7 1 1  3 1 .  90 c x x 
1 2 2 2 5  7722 0 482 3. 0 4 1 .  9 5 8  3 0 .  5 9  c x 
4 57 1  2 7 9 3 7  2 4 8 7 . 1 2 2 .  4 6 8  3 2 .  0 1  c x 
S l 8 6  1 8 2 7 3  1 0 3 6 .  I 1 0 .  0 4 3  3 3 .  6 0  s " 
1 2 1 3 0  5 7 3 6 1 382 2 .  1 3 3 .  6 S O  34.  7 7  c x 
1 3 0 3 7  3 3 6 8 6  1 9 5 3 .  9 1 7 .  3 8 9  3 2 .  1 0  c x 
3 1 8 0  1 4 4 2 3  6 8 7 .  l 7. 8 8 3  2 4 .  7 4  s '  x 
3 2 7 6  2 7 982 1 6 1 7 . s 1 6 .  0 6 2  2 8 .  3 2  s x 
2 0 S4 1 3 6 6 8  7 3 9 . 0 8. 3 4 1  3 6 .  8 4  s " x 
2 1 1 1  92 7 7  S2 5 .  4 s. 2 2 2  3 6 .  0 7  s x 
S l 8 8  1 7 0 3 9  8 3 3 .  7 8. 1 6 7  3 4 .  3 0  s x 
5 3 3 4  6 6 S2 Z  2 5 4 3 .  8 2 3 .  7 S 5  3 1 .  1 4  0 x x 
11 2 1 0  1 0 0 6 1 2  4 5 3 2 .  4 4 0 .  2 4 1  2 7 .  6 3  s x x 
5 7 8 3  3 7 648 2036.  5 1 9. 949  3 1 .  20 s x 
3 6 0 0  7 5 4 8 1  42 2 6 .  0 4 3 .  3 8 6  1 3 .  32  0 x " 
2 0 4 7 7  9 0 9 54 4 S 8 8 .  8 44.  2 0 1  3 4 .  8 1  c x x 
8 1 8 6  2 74 4 9  2 7 3 9 .  8 2 5 . 3 7 3  2 7 .  72 0 x 
3 0 3 4  1 8 7 1 6  1 4 3 8 .  2 1 3 .  2 4 9  3 0 .  93 0 x 
1 3 7 S I  6 0 9 4 9  6 3 5 9 .  6 S S .  2 6 3  z s. 9 2  c x 
406 1 1 7 7 G 5  1 2 5 3 .  4 1 3 .  257 19. 33 0 x 
1 1 1 1 9 6 8 0 3 9  S l 56 .  7 4 8 .  5 5 1  2 5 . 7 9  0 x 
2 642 2 % 8 6  1 6 9 8 .  9 1 5 .  8 0 9  3 0 .  86  s x x 
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z .  The data u s e d  to replicate Spann1 s plant re s ults i s  li s ted 
in the followi ng table ( table B - Z ) .  The columns co ntain the following:
a - the page in the FPC repo r t s  from which data come 
b - the year  of the obs e rvation 
c - the to tal c o s t  of the pla nt in $ 1 , 0 0 0  
d - the fue l  c o s t in  $ 1 ,  0 0 0
e - the o the r p roduc tio n c o s ts in $ 1 ,  0 0 0  
f - the to tal fuel u s e d  in  1 0 6 MBT U
g - the pla nt load fac to r  
h - the 3 yea r ave rage  rate o f  r e tu r n  
3 . The data s e t  u s e d  in dis cus s ing Pete r s en ' s wo rk i s  lis ted i n  
the following table ( table B - 3 ) .  The plant name , s ta te , capacity in 
megawatts a nd fuels  u s ed a r e  s hown. 
a 
4 
8 
1 3  
1 1  
6 7  
4 3  
8 5  
. 9 2 
1 0 7  
1 0 0  
1 1 2 
1 1 6 
1 3 9  
8 6  
1 5 0 
1 4 5  
9 7 
1 9 3  
2 0 1  
2 1 3 
5 9  
1 5  
3 
5 
1 2  
3 1  
44 
7 1  
9 9  
1 4 7  
1 5 3 
1 6 8 
1 8 6  
2 0 7  
2 6 5  
2 6 8  
1 1 7  
b c 
6 3  2 02 2 3 
6 3  4 3 2 2 1  
6 1  2 1 6 9 0 
6 2  1 2 2 2 6  
6 3  3 4 52 0 
6 1  72 7 8 7  
6 3  1 6 8 8 4  
6 3  3 7 9 4 6  
6 2  3 8 0 0 1  
6 2 2 7 7 5 6 
6 2  2 3 6 1 6 
6 3  4 8 4 6 9  
6 3  1 7 8 7 1  
6 1  2 2 3 8 3  
6 3  1 1 52 4 1  
6 3  2 3 7 1 0  
6 4  1 1 3 6 8 0  
6 2  2 2 3 8 5  
6 3  4 5 6 7 4 
6 3  1 94 4 9  
6 1  4 3 6 8 2  
6 1  5 0 4 52 
6 3  1 1 6 8 5 6 
6 2  2 52 3 8  
6 2  1 1 42 5 
6 1  3 0 1 7 5  
6 3  4 7 0 72  
63  8 72 5 0 
6 3 2 3 1 9 5  
6 2  1 1 5 4 6 2  
6 3  2 1 5 44 
6 3  2 7 9 1 4  
6 3  3 48 8 9  
6 2  1 5 742 6 
6 3  2 9 1 2 8  
6 3  3 5 3 1 3 
6 3  7 7 3 2 4  
TAB LE B -Z 
d e 
1 9 7 0  5 7 0  
3 8 5 4  42 2 
3 0 5 6 5 4 0  
1 5 5 5  3 2 6  
3 3 0 7  72 1 
48 6 6  1 1 4 9 
2 0 8 5  32 6 
2 6 7 1  8 0 9  
3 8 5 7 8 42 
3 4 7 9  4 1 6  
3 42 0  56 9 
4 5 7 7  1 02 9 
1 8 7 8  2 1 8 
2 7 6 8  40 5 
1 1 47 5  2 3 8 6  
2 47 6 6 7 3 
1 5 3 9 3  2 3 5 4 
2 1 0 9  4 52 
5 8 1 2 9 9 9  
2 52 1  2 6 6  
4 4 9 7  52 7 
1 0 7 8 2  9 6 4  
1 72 3 2 1 3 5 7 
52 6 3 4 4 5  
1 7 1 8  46 1  
3 8 6 1 5 7 7  
9 0 9 0 7 6 8  
7 1 8 7  1 6 7 3  
2 5 3 1  3 8 0  
1 2 6 7 4  2 5 8 4  
2 8 0 9  3 3 0  
32 6 5  4 0 0  
2 2 3 8  8 8 6  
1 4 3 3 8 2 3 42 
2 9 0 6  4 1 5  
1 1 6 4  6 9 9  
9 9 0 4  9 9 1  
f 
8 . 2 7 1 1  
1 4 . 9 0 3 3  
9 ,  1 1 47 
48 . 3 0 3 0  
1 2 . 1 7 82 
2 6 . 0 3 8 2  
9 ,  7 9 2 7 
1 6 . 6 8 7 7  
1 1 . 6 8 7 0  
1 6 . 0 4 1 9  
1 0 . 5 2 7 1 
.i 4 .  1 2 7 6  
1 4 . 4444 
6 . 9 5 7 5  
3 8 . 4 3 2 1 
7 . 8 5 8 9  
44. 2 0 1 0 
1 0 .  4 1 02 
2 1 . 6 2 0 5  
8 .  4 9 6 1 
2 0 . 6 1 6 5  
3 2 .  1 9 42 
6 6 .  9 3 1 1  
1 5 . 7 8 6 3  
1 0 . 6 0 44 
1 1 . 6 9 4 1  
2 7 .  7 7 50 
3 7 . 4 7 6 4  
1 1 .  5 0 9 8  
3 7 .  5 46 0 
1 2 . 7 3 0 5  
1 1 .  4 0 4 7  
1 1 . 0 1 5 3 
4 1 .  9 3 0 4 
1 0 . 6 6 5 9 
1 4 . 5 5 4 5  
3 1 .  1 8 5 6 
4 6  
g h 
8 5 6 . 5 0 3  
5 3  6 . 6 7 0  
7 8  6 . 3 3 3 
8 0  5 . 9 0 0  
7 9  8 . 447  
67  6 .  5 0 3  
7 6  7 . 0 8 7  
8 1  9 .  1 2 3  
7 5  6 . 7 8 3  
7 7  7 .  3 2 0 
9 4  8 . 3 1 3  
6 9  6 . 8 4 3  
6 9  6 . 0 43 
74 6 . 0 2 3  
7 5  7 .  1 2 3  
6 8  6 . 8 1 3  
6 5 5 .  3 1 3  
6 9  7 .  5 3 7  
7 3  6 .  5 3 7  
7 9  7 . 6 6 7 
5 7  7 .  3 1 3  
9 2  6 .  6 5 3 
7 8  7 . 8 6 0  
8 0  6 . 5 0 3  
6 5  5 . 9 0 0  
9 4  6 .  7 7 3  
7 5  8 .  1 2 3  
7 3  6 .  7 7 3  
7 8  7 .  3 1 3 
7 0  7 .  1 2 3 
7 7  8 . 0 5 0 
6 5  6 . 8 6 3  
5 0  7 .  2 0 3  
7 9  6 . 42 0 
5 4  7 . 2 7 0  
7 6 6 . 3 4 3  
7 5  6 . 8 4 3  
Pla n t  Name 
P i ttsbu r g  
Hun tin g ton B e a c h  
Came o 
Me r e d o s ia 
New Alb a ny 
Law r e n c e 
C l a y  B o swell 
Gulf C oa s t 
B e r g e n  
Re e ve s  
P o r t  J e ffe r s o n  
Dunki r k 
E l rama 
B a te s  
T .  H .  Wha rton 
Willow I s la n d  
M o r r o  Bay 
S ou th B a y  
E tiwa nda 
Norwalk Ha r b o r  
P .  ' L, B a r tow 
J R i v i e r a  
I W ill C ounty 
S ta te Line 
T e c um s e h  
A r thu r Mulle r g r e n  
S i b l e y  
S ewa r e n 
B a r r e t  E .  F .  
Lake S h o r e  
C o n e s ville 
P o r tland 
Handle y 
Nel s on Dewe y 
F o u :t  C o r ne r s  
I C o n tra C o s ta
E l  S e gund o 
C o o l - Wa te r 
Val .nont 
Middle town 
P o r t E ve rglad e s 
W o o d  R i v e r  
De s M o ine s 
G r a ham 
E ngla n d B. L. 
No r th  Lake 
P o r t  W e n two rth 
H u tch i s o n  
Little Gyp sy 
Wyma n Wal te r F. 
Ravenswood 
B runne r l sland 
Nue c e s B ay 
Web s te r  
Str yke r C ra e k  . - " 
TAB LE B - 3 
S ta te Capa c i ty 
C al ifo rn ia 9 5 1  
C al ifo r n ia 6 5 3 
C ol o r a d o  6 6  
Illino i s  3 0 0  
Ind iana 4 5 0 
Kan s a s  2 1 1  
M inne s o ta 1 2 8  
M i s s i s s ippi 2 9 6  
New Je r s e y  5 8 0  
New Mex i c o  1 7 5  
New Yo rk 4 0 0  
New Y o r k  5 6 0 
Penn s ylva n ia 4 4 7  
T exa s 1 6 6  
Texa s 3 2 3  
W e s t  V i r g inia 2 1 5  
C ali fo r n ia 1 0 5 6 
C a l i f o r n i a  4 7 4  
California 9 1 1 
C onne c ticut 3 2 6 
Fl o r i da 4 9 4  
F l o r ida 7 3 8  
Ill i n o i s  1 2 6 8  
Indiana 9 7 2  
K a n s a s  3 4 6 
Kan s a s  1 3 3  
M i s s ou r i 1 0 0  
New Je r s e y  & 4 1  
New York 3 7 4  
Ohio 5 1 2  
Ohio 434 
P e nn s ylvania 3 8 3  
Texa s 52 3 
W i s c on s in 2 2 8  
A r iz ona 6 3 4  
C a l ifornia 1 2 7 6  
C a l if o r n ia 1 0  l 7 
C al ifo rn ia 1 4 7  
C olo rad o 2 7 4  
C onne c ticut 42 2 
Flo rida 1 2 5 5  
Ill ino i s  6 5 0  
Iowa 3 2 5 
Maine 58 
New J e r s e y  2 9 9  
Texa s 7 0 8  
G e o r g ia 2 0 8  
Kan s a s  2 52 
Lou i s iana 6 6 9  
Maine 2 1 4  
New Y o r k  1 8 2  7 
Penn sylvania 7 6 8  
Texa s 2 5 8  
Texa s 6 1 4  
Texa s 7 0 3  
C oal Oil Ga s 
x x 
x x 
x 
x 
x 
x x 
x 
x 
x x 
x 
x x 
l< 
x 
x 
x x 
x x 
x x 
x x x 
x x 
x x 
x 
x x 
x x 
x x 
x 
x 
x x x 
x 
x 
x 
x 
x 
x x 
x x 
x x 
x 
x x 
x x 
x 
x x 
x x 
x 
x 
x 
x 
x x 
x 
x 
x x 
x 
x 
x 
x 
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APPENDIX C 
Some D e te rminants of the Co s t  of Capital E quipme nt 
While many of the a s s e r tions made p reviously about the 
relationships  be twe e n  the va rious attribute s of capital e q uipme nt 
48 
a n d  its c o s t  are deducible from phys ical p rinciple s ,  s ome empir i cal 
ve r ifi c a tion i s  de s i r ab le . T h i s  app e nd ix r e p o r t s  the r e sults of a 
numb e r of s imple r e g r e s s io n s  whi c h  we r e  run in an a ttemp t to e xplain 
the c omp o n e n t  c o s t s  of cap ital e qu i p m e n t. Two d iffe r e nt data s e ts 
w e r e  u s e d ,  e a ch of whi c h  ha s i t s  own inade qua cie s .  
The data s e t  earli e r  des c ribed a s  A ( C o u r ville 1 s  1 9 6 0 - 1 9 6 6 
g roup ) i s  u sed ,  though the capital c o s t s  a r e  d i s ag g r e ga t e d  i nt o  
s tructure s and equipme nt. The c o s t s  are expre s s ed  pe r u n i t  ( ra ther  
than p e r  plant ) , a s  a u n i t  i s  the fund ame nta l  p i e c e  of e quipme nt. T h i s
a s s ume s plants c ompo s ed of ide ntical units , which wa s in gene ral 
the c a s e  with thi s sample .  No deflator w a s  u s e d  on the c o s ts . 
The s e c o nd data s e t  was  c o n s tructed  from the biannual 
s urveys of cons truction c o s ts publi shed in Ele c tri cal Wo rld.  9 Thi s
surve y  provid e s  mu c h  mo r e  di s a g g r e g a t e d  c o s t  figu r e s tha n d o e s the FPC 
repo r ts , but o nly ide ntifi e s  the plants by numbe r ( thus making ve ry  
tedious the ta sk of  combining data s e t s ) . A plant appea r s  in the 
s u rv e y  each time a unit is added ,  but the figur e s  repor te d  a r e  plant 
aggregate s .  In an  attemp t  to i s olate unit cha ra c te r i s ti c s ,  o nl y tho s e  
plant s  i n  which the units  w e r e  i n  the s ame capaci ty range w e r e  
includ e d .  A s  c a p a c i ty w a s  o nly r epo r te d a s  an o rdinal number . the 
c a p a c ity wa s c ompute d  from the p e ak ou tput deflate d  by the utiliz a tion
4 9 
facto r .  Thr e e  m e a s ur e s  of h e a t  r a t e  a r e  g i v e n :  the a c tual n e t ,  the 
a ctual g ro s s  and the d e s ign val u e . None o f  the s e  proved u s e ful in 
expl aining c o s t s .  The r e a s o n s  a r e ,  mo s t  p robab l y ,  that the a c t ual 
fi g ur e s  s uffe r  from b e ing me a s u r e d  in the fi r s t  y e a r  o f  o p e r a t i o n  
a n d  tha t the d e s i gn d at a  app e a r  to hav e b e en v e ry lo o s e ly c o l l e c t e d  
( o n  examination it app e a r s t h a t  t h e  que s t ionna i r e  d i d  n o t  mak e  c l e a r 
w h e t h e r  n e t  o r  g r o s s d e s ign value s w e r e  d e s i r e d) . T h e  data s p anne d  
the y e a r s  1 9 5 6 - 1 9 6 5 ,  and a s  thi s includ e d  t h e  y e a r s  o f  the " e l e c t r i c  
c on s p i r a cy , " t h e  Handy - Whitman r e g io n a l  d e flat o r s  fo r e a ch a c c o unt 
w e r e appli e d, conv e r t ing co s t s  to 1 9 4 9  dolla r s . 
F o r  bo t h  data s e t s  lo g - lin e a r  equations w e r e  fitt e d .  T h e  
r e s t ri c t ions impo s e d  b y  t h e  fun c t ional fo r m  a r e  r e c o gn i z e d ,  b ut 
t h e  s m a�l numbe r of data p o i nt s ,  the qualitative natur e of t h e
inv e s t i g at i o n ,  a n d  the s impl i c i t y  o f  e s timation a r e  the j us t ifi c ation 
fo r its  u s e .  In the s e  r e g r e s s io n s ,  us e w a s  made o f  qualitative 
data on fue l typ e ,  c o n s t r u c t i o n  type and g eo g raph i c a l  lo c a t i o n  by 
i n t r o ducing dummy va r iabl e s .  T h e  r e s ul t s  a r e p r e s ent e d  in table s 
C - 1  and C - 2 ,  w it h  the ab s en c e o f  an e n t r y  me aning tha t the 
p a r t icular v a r iab l e  w a s  not  includ e d  in the l i s t  o f  r e g r e s s o r s .  T he 
s t an d a r d  e r r o r s  of th e e s timat e s  a r e  shown in p a r enthe s e s .  
D a ta S e t  A :  
T h e  r e s ul t s  u s i n g  d a ta s e t  A s uppo r t  the i n tui tive no ti o n s  
about the d e te rmina n t s  o f  c o s t. The s t ru c t u ra l  c o s t  i s  app a r e n tl y  
no t i nflue n c e d  by t h e  e ffi c i e n c y  of t h e  pla nt.  T h e r e  app e a r  to be b o th 
e c o no mi e s o f  s c al e  with s iz e  and numb e r  of uni t s  hou s e d  in the 
s t ru c tur e .  Fully outd o o r  c o n s t ru c ti o n  r e q ui r e s s i gnific a ntly l e s s  
exp e n s ive s tru ctur e s ,  and the us e  o f  co a l  r e quir e s  s ig nifi c a ntly 
mo r e  e xp e n s ive . The c o s t  o f  e quipme n t  ha s s ig nifi ca nt e c onomi e s 
of s cale but is influen c e d  far l e s s  tha n the s t r u c tural c o s t  by the 
numbe r of uni t s  in the plant. The more effic ient a unit the higher 
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T ABLE C - 2  ( Continue d) 
LSC - log [ s t ructural c o s t/unit in $ 1 ,  0 0 0 ,  FPC acct. no . 3 1 1]
LBC - log [boile r co s t/ unit in $ 1 ,  0 0 0 ,  FPC acct. no . 3 1 2] 
LTC - log ( turbogene rato r  c o s t / unit in $ 1 ,  Q O O ,  FPC acc t . no . 3 1 4] 
LEC - log [electrical acc e s s o r ie s  c o s t /unit in $ 1 , 0 0 0 ,  FPC acct .
no . 3 1 5 ] 
LMC - log [ mi s c .  e quip . c o s t / unit in  $ 1 ,  0 0 0 ,  FPC acct .  no . 3 1 6] 
All deflated to 1 949 dolla r s by the app rop r iate Handy-Whitman
regional index. 
C - cons tant 
LUS - log [unit s ize  in mega watts ]
LNU - log [number of units ]
LDH ._ log (de s ig n  heat rate in BT U /kwh]
LAH - log [actual net  heat rate in BTU/kwh]
CD - dummy e qual to  o ne if any coal used
G D  - dummy e qual to  one if o nly  gas  u s ed 
PAC - dummy e qual to one for Pacific region
PLT - dummy equal to  one  fo r Plateau reg io n
NC N - dummy equal fo o ne fo r No rth C e ntral r eg ion 
S C N  - dummy equal to o ne fo r South C e ntral r egion
NAT - dummy equal to one fo r No r th Atlantic region
The refe rence  dummy fo r fuel type i s  oil and oil- ga s  s tations • 
The refe re nce dummy fo r reg ion  i s  the South Atlantic r egio n • 
i s  it s c o s t ,  but the e s tima te s a r e  no t s ignifi cantly diffe r ent 
from z e ro .  The  equipment cos t s  inc r e a s e , a s  exp e ct e d , w ith
o utdo o r  con s t ruc t ion and the us e . of coal a s  a fuel . 
El e c t r i c al W o rld Data S e t :
With the g r ea te r  di s a g g r e g a tion of c o s ts i n  thi s  d a ta s e t , 
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it was hope d that b e t t e r  e s timate s could be a chieve d .  The r e s ults
we r e  dis appointing in o ne maj o r  r e s p e c t : no s a ti s fa c to r y va riation 
in  c o s ts wi th e ffi c ie n c y  c o ul d  be obtained.  Thi s  i s  appa r e ntl y d u e  
to t w o  fa c to r s : t h e  a c t ua l  heat r a t e s  given a r e  plant ave r a g e s du r ing 
the s ta r tup ye a r of a new unit, and the d e s ig n value s g ive n s e em 
not to b e  c o n s i s te ntly g r o s s o r  n e t  valu e s .  Neve r thele s s ,  the 
r e sult s a r e  of s ome inte r e s t  with r e g a r d  to the r e g ional co s t  
variations . The r e s ults ag r e e  well with the p r evious data s e t  in  
s eve ral r e s p e c ts . It appe a r s  tha t a l l  c o s t  c o mp o n e n ts a r e  s ubj e c t  
t o  inc r e a s i n g  r e tu r n s  with unit s i z e ,  though e le c tr i c al a c c e s s o r ie s  
o nly s lightly .  Only  s tructural c o s t  a nd . mi s cellane ous e quipme nt
have inc r ea s ing r e turns  with the numbe r of units in a pla n t. B o il e r  
a n d  turbo g e ne r a to r c o s ts a ctually s e e:m. t o  inc r e a s e with the numb e r  
o f  unit s ,  a r e s ult that i s  evidenc e o f  c r ow d ing d i s e conomie s ,  The
r e g ional dummie s captur e tw o d i s t inct  e ff e c t s :  that d ue to clima t e  
and that due t o  d i ff e r ent c o s t s  of lo cal lab o r  a n d  ma t e r i al s . 
T urbo g e n e rato r s  va r y  littl e ,  a s  the s e  a r e  u s ually s hipp e d  in a 
p r ea s s emb l e d  condition.  B o i l e r c o s t s  a r e  s i gnific antly mo r e  
exp e n s ive i n  the N o r t h  At lanti c r e g i on a s  i s  mi s c ellaneous equipment , 
Unfo r tunat e ly ,  l i t t l e  c an b e  s ai d  c o n c e rning the e ffe c t  of heat r a t e ;  
n o t  e v e n  c on s i s t en c y  o f  s i gn w a s  obta ine d .  I t  i s  ma inl y fo r th i s  
r e a s o n  that n o  furthe r us e w a s  ma d e  o f  t h i s  d a t a  s et .  
A PPEND IX  D 
P e r c e ntag e Po ints fo r Bi nomial Dis tributio n 
n = 39 
C umula tive 
% of n P robability 
9 7 . 4 3 5 8 9 8 0  o .
9 4 . 8 7 1 7 9 60 o .  
9 2 .  3 0 7 6 9 2 0  0 . 0 0 0 0 00 0  
8 9 , 7 4 3 5 8 9 0  0 . 0 0 0 0 0 0 2  
8 7 ,  1 7 9 4 8 7 0  0 . 0 0 0 0 0 1 2  
84 . 6 1 5 38 5 0  0 . 0 0 0 0 0 7 1 
8 2 . 0 5 1 2 82 0  0 . 0 0 0 0 3 5 1  
7 9 . 4 8 7 1 7 9 0  0 . 0 0 0 1 4 7 0  
7 6 .  9 2 3 0 7 7 0  0 . 0 0 0 5 3 2 5  
7 4 . 3 5 8 9 7 4 0  0 . 0 0 1 6 8 89 
7 1 .  7 9 4 8 7 2 0  o .  0 0 47 3 7 7
6 9 . 2 3 0 7 69 0  0 . 0 1 1 8 5 1 4  
6 6 .  6 6 6 66 6 0  0 . 0 2 6 6 2 60  
64 .  1 0 2 5 640 0 . 0 5 4 0 6 4 5  
6 1 .  5 3 84 6 2 0  o .  0 9 9 7 9 5 4
5 8 . 9 74 3 5 9 0  o .  1 68 3 9 1 8
5 6 . 4 1 0 2 5 7 0  0 . 2 6 1 1 9 8 7  
5 3 . 8 4 6 1 540  0 . 3 7 4 62 9 3  
5 1 . 2 8 2 0 5 1 0  0 . 5 0 0 0 0 0 0  
48 . 7 1 7 9 4 9 0  0 . 62 5 3 7 0 7  
4 6 . 1 5 3 8 4 6 0  0 . 7 3 8 8 0 1 3
4 3 ,  5 8 9 .7440 0 . 8 3 1 6 0 8 2  
4 1 .  0 2 5 6 4 1 0  0 . 9 0 0 2 0 4 6  
3 8 . 4 6 1 5 3 8 0  0 . 9 4 5 9 3 5 5  
3 5 . 8 9 7 4 3 60 o .  9 7 3 3 7 4 0
3 3 .  3 3 3 3 3 3 0  0 . 9 8 8 1 4 8 7  
3 0 . 7 6 9 2 3 1 0  0 . 9 9 5 2 6 2 3  
2 8 . 2 0 5 1 2 8 0  0 . 9 9 8 3 1 1 1
2 5 , 64 1 0 2 60 0 . 9 9 9 4 67 5  
2 3 . 0 7 6 9 2 3 0  0 . 9 9 9 8 5 3 0  
2 0 , 5 1 2 8 2 0 0  0 . 9 9 9 9 64 9  
1 7 . 9 48 7 1 80 0 . 9 9 9 9 9 2 8  
1 5 .  3 8 4 6 1 5 0  0 . 9 9 9 9 9 8 8  
1 2 . 8 2 0 5 1 30 0 . 9 9 9 9 9 9 8  
1 0 .  2 5 64 1 0 0  1 . 0 0 0 0 0 0 0  
7 . 6 9 2 3 0 7 7  1 .  0 0 0 0 0 0 0  
5 . 1 2 8 2 0 5 1 1 .  0 0 0 0 0 0 0  
2 . 5 64 1 0 2 6  1 .  0 0 0 0 0 0 0  
5 4  
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FOOTNOTES 
1 .  Repr oduc e d  from ( 6 ) .  
2. Thi s is one p o s s ible c r iti c i s m  of Galatin ' s  ( 5 )  r athe r  tho r ough
study, as he as sume s me rit o r d e r  loading r athe r than the 
equating of mar gin al ope r ating c o s t s  (a ve ry d iffi cult task)  a s
his  rule for partially loadin g  a plant . 
3 , Thi s '  i s  r ath e r  an ove r statement, as other qualitie s  are  needed  
fo r  engine e r ing purpo s e s .  Fe ature s s u ch a s  powe r factor ,  
b eh avior to ele ctr i c al and me chan i c al t r an s i ents and maintenan c e  
requir ement s ,  etc . are  all important but c an s afely b e  n e gl e ct e d  
f o r  the purpo s e s of thi s  study. 
4 .  H i s  inclus ion o f  ut iliz ation i s  quite a r e a s onable way o f  handling 
peak load s .  
5 . De s c r ipti on of the relative phas e  of the voltage and cur rent in 
A- C cir cuit s . 
6. Appendix C ;  ' B i - annual Ste am Station Cost  Surve y ' , Ele ctri c al 
World.
7. It i s  worth noting once again that thi s i s  me rely a t e s t  of wh ethe r 
an ind ividual pl ant has exce s s  capital in relation to its output. 
Finding no over c apitaliz ation here  doe s not rule it out as it may 
be manife sting its elf as e arly unloading of old plants . The only 
way to attack thi s  problem is tedious and may b e  totally 
imp r a ctical as it n e c e s s itate s che cking wheth e r  the mar g inal 
capital co sts  did in fact e qual the mar ginal fuel  s aved ove r the 
complete life of the plant . While thi s  point i s  of extreme 
importan c e ,  it was n ot r e c o gnized by any of the othe r autho r s ;  
in thi s s e ction w e  will continue t o  look fo r the mor e limited effe ct 
they we re s e eking . 
8 .  Repro duce d  from (6 ) .  
9 . An industry trade j ournal published by McGraw-Hill. 
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